1 This is particularly true where the renewable freshwater resources per capita are very low.
As elsewhere, the key reasons cited for systematic management of wastewater reuse are increasing demands for water, drought mitigation, environmental protection and enhancement, socioeconomics including health, and public health. 2 In the wealthier countries, including the oil-rich states of the Middle East, the initial reason for such interventions was environmental protection. With increasing demands for water, the reclaimed water has become a valuable resource and has to be considered in the context of the overall water balance, as has been the case in Israel.
In the middle-income and poorer countries a major reason for intervention in wastewater reuse, usually in the form of regulation against the practice, has been for health protection. Now, in countries where competition for water resources is increasing, and financing is available for wastewater treatment, water reuse is viewed as a component of water resources management and is reducing the pressure on freshwater resources (e.g. in Jordan and Tunisia).
Unregulated wastewater reuse in the region
Irrigating raw-eaten vegetables was blamed for the 1981 cholera outbreak in Amman, Jordan.
3 Although now illegal in most if not all countries in the region, enforcement of the ban is variable, and this use of wastewater is still practised in such places as the Kedron Valley, West Bank, and in smaller towns in Iran and Morocco. In Yemen, the majority of the treated wastewater, which is of varying quality, is used for unregulated irrigation in the highlands and along the wadi 4 as well as for landscaping in the coastal cities and dune stabilization. Unregulated irrigation is used to produce fodder and a range of fruits and vegetables, including those that will be eaten raw.
The majority of Moroccan towns have sewage collection systems, but few have treatment facilities and many of those do not work adequately. The sewage systems collect both domestic and industrial waste. In the inland areas, most of the wastewater is used indirectly for irrigating a variety of crops, although the irrigation of raw-eaten crops is prohibited. Driven by a relatively high incidence of water-borne illnesses, Morocco recognizes the need to enhance the management of water reuse.
As early as 1900, wastewater was used to irrigate orchards near Cairo, and today there is an estimated 42 000 ha of land irrigated with some portion of wastewater that, according to the 1984 martial law, should be treated.
Farmers in Iran consider wastewater as a viable source of irrigation water, and treated wastewater is being used to grow fodder and grain crops near major cities. Wastewater reuse is particularly critical in arid and semi-arid countries. Although unregulated irrigation with wastewater does persist in some countries of this region, especially nearer smaller urban centres, the trend is towards regulated reuse of treated wastewater -as far as available capital resources allow.
irrigation, particularly in cities without wastewater treatment facilities.
Using reclaimed wastewater
The use of reclaimed water, (i.e. treated wastewater) on a relatively large scale is increasingly common in a number of countries in the region, including Israel, Jordan, Kuwait, Oman, Saudi Arabia, Tunisia and UAE. Some, including Israel, Jordan and Tunisia, have incorporated reuse into their overall water resources management plans.
Kuwait is almost entirely urban, produces most of its domestic water supply from desalination, and treats all of its wastewater. Agriculture and landscape irrigation consumes 60 per cent of the water resources, with most of this (61 per cent) coming from groundwater and the remainder from reclaimed water. As with other oil-producing nations in the region, the management of reclaimed water is tightly regulated.
In Israel, with its acute water shortage, water reuse is an important component of the national integrated water management system using treated domestic wastewater from the medium to large centres for agricultural irrigation. The system is already relatively sophisticated, meeting 10 per cent of the national demand for water, and with surface and groundwater storage capacity of more than 150M m 3 to keep the reclaimed water for the peak demands. Israel plans to capture and treat all of its wastewater by 2015, which would supply 20 per cent of the national demand for water.
Tunisia's increasing demand for water is reaching the limits of sustainable supply. Reclaimed water is meeting some of the agricultural and recreational (golf courses and lawns) demands.
3 As is the case elsewhere, the seasonality of water demand creates the need for carry-over storage or alternative discharges for the reclaimed water during the periods when it is not needed.
Since the early 1980s, the Government of Jordan has sought to treat wastewater, and either discharges it to the environment to mix with freshwater flows for use in agriculture downstream, or, to a lesser extent, uses the effluent directly under restricted conditions with limited economic return. With chronic water shortages, effluent is a major component of the overall water balance, and is already meeting 25 per cent of the demand from irrigated agriculture. 5 The approach now being pursued by Jordan is that of major reconstruction and expansion of wastewater treatment facilities to overcome overloading of a number of the treatment plants and of exploring options for direct water reuse to replace freshwater sources in agriculture, industry and landscaping. 6 The Aqaba Special Economic Zone Authority (ASEZA) is seeking to use reclaimed water to meet industrial and landscape needs, in addition to existing agricultural use. However, the expected supply of reclaimed water has already been overtaken by projected demands, and ASEZA recognizes the need to develop an integrated water management plan that includes reclaimed water.
With recent major investments in wastewater treatment, Egypt has begun to develop more comprehensive guidelines for managing reclaimed water, focusing specifically on restricting cropping patterns.
Conclusions
The overriding concern with water reuse is the impact on the health of the general public and field workers. The impact on crop productivity and on produce export markets as well as the environmental impact on soil and water are also major concerns.
The characteristics of the wastewater management and water reuse systems are unique for each country and, to some extent, are shaped by the prevailing economic conditions. Systems vary from the highly treated wastewater used to irrigate urban landscapes in some of the Gulf States, to a combination of treatment and regulation in Tunisia and Jordan, to the varying systems of enforcement of regulation modelled on the WHO wastewater guidelines in regions where farmers are irrigating with untreated wastewater.
Countries in this region need to develop their wastewater treatment capacity. This involves significant capital costs often beyond the reach of smaller communities and even some of the countries. The wastewater management systems need to be developed with eventual water reuse in mind, including the need to separate industrial wastewater from domestic wastewater to ensure that contaminants do not reach the end-user, usually a farmer.
Sensitivities. Despite the 1978 fatwa 3 which allows the use of appropriately treated wastewater for all purposes including wudu (ablutions performed before prayer), water reuse remains a sensitive issue in this region. Present-day technology can treat wastewater to drinking water standards, yet using it as a source for potable water is not likely to be an option in the foreseeable future due to public acceptance considerations.
7
Farmers who have access to freshwater are reluctant to use reclaimed water because of its widespread negative image. However, those farmers who are already irrigating with wastewater tend to view it as a reliable source. Quality of treated wastewater. Even with treatment, elevated levels of salts in some of the reclaimed waters further restrict the crops farmers can grow, which limits the financial viability of the irrigated agriculture enterprise.
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Trace elements are also of concern, and require a combination of separation of industrial and domestic wastewater streams, pre-treatment of industrial wastes and management of the constituents at sources, such as the case in the Amman-Zarqa basin in Jordan.
Persistence of unregulated irrigation. Irrigation with untreated wastewater for raw-eaten crops is illegal throughout the region and, unsurprisingly, likely to remain so despite being practised in a number of countries. In most cases the use of adequately treated wastewater for irrigation 
